Two new cinnamic acids, 2-O-caffeoyl-3-O-isoferuloyltartaric (3), and 2, 3-di-O-isoferuloyltartaric acid (5), along with three known caffeic acids, cichoric acid (1), 2-O-caffeoyl-3-O-feruloyltartaric acid (2) and 2-O-caffeoyl-3-O-p-coumaroyltartaric acid (4), have been successfully isolated and purified from Echinacea purpurea. In this study, we investigated an efficient method for the preparative isolation and purification of cinnamic acids from E. purpurea by high-speed counter-current chromatography (HSCCC). The separation was performed using a two-phase solvent composed of n-hexane-ethyl-acetatemethanol-0.5% aqueous acetic acid (1:3:1:4, v/v). The upper phase was used as the stationary phase and the lower phase as the mobile phase, with a flow rate of 1.6 mL/min. From 250 mg of crude extracts, 65.1 mg of 1, 8.3 mg of 2, 4.0 mg of 3, 4.5 mg of 4, and 4.3 mg of 5 were isolated in one-step, with purities of 98.5%, 97.7%, 94.6%, 94.3%, and 98.6%, respectively, as evaluated by HPLC-DAD. The chemical structures were identified by electro spray ionization mass spectrometry (ESI-MS) and one-and two-dimensional NMR spectra. HSCCC was very efficient for the separation and purification of the cinnamic acids from E. purpurea.
Preparations of Echinacea plants are traditionally used as herbal medicines and dietary supplements. They are employed as immunostimulants for treating inflammatory and viral diseases [1, 2] . Three major species, E. purpurea (L.) Moensch, E. angustifolia (DC.) Hell., and E. pallida have been studied for their possible pharmacological functions [3, 4] . Cinnamic acids, alkamides, polysaccharides, and glycoprotein may be responsible for the immunomodulatory activity [5] . Cichoric acid, the major cinnamic acid in E. purpurea, has many beneficial biological effects, such as stimulation of phagocytes in human polymorph nuclear granulocytes in vitro [6] , antiviral activity [7] , hyaluronidase inhibition, inhibition of HIV integration and replication [8] [9] [10] , and free radical scavenging [11] .
The purity of the compound is critical for obtaining the desired biologically active material. A pure compound is necessary for screening and subsequent formation of structure-activity relationships. The isolation of cinnamic acids has been carried out so far using various chromatographic techniques with solid stationary phases [7, 12, 13] . However, there are some drawbacks such as complex operations and poor reproducibility. These issues prompted us to develop an efficient method for the preparative isolation of polyphenols from nature plant based on liquid-liquid chromatography, and high-speed counter-current chromatography (HSCCC) [14, 15] . Wang et al. [16] used pH-zone-refining countercurrent chromatography to successfully isolate cichoric acid from E. purpurea in two steps. In the present study, the HSCCC method was used for the first time to separate and purify, in one step, five cinnamic acids (Figure 1 ), including two new compounds (3, 5) , from the crude extract of E. purpurea. A suitable two-phase solvent system is critical for good HSCCC separation. In the present study, different solvent systems, such as n-butanol-methanol-water, ethyl acetate-methanol-water, and nhexane-ethyl acetate-methanol-water, were tested. The results indicated that the partition coefficient (K) of the target compound was most acceptable with n-hexane-ethyl acetate-methanol-water (1.5:3:1:4, v/v or 1:3:1:4, v/v). However, the elution time was significantly extended, and the target compounds were not separated very well when this solvent system was used for HSCCC. Organic acids (such as acetic acid) can help sharpen the shapes of chromatographic peaks. Additionally, organic acid is helpful for the stability of polyphenols. In the present experiment, when 0.5% aqueous acetic acid was used instead of water, the solvent system became more hydrophobic, favoring the partition of the organic phase. This also resulted in larger K values, improved chromatogram shapes, and increased purity of all target compounds. The different K values are shown in Table 1 . Some others factors, such as the mobile phase flow rate, sample volume, temperature, and rotary speed, also affect the separation performance of HSCCC to various extents. So, we investigated the mobile phase flow rate at 1.2, 1.6, and 2.0 mL/min, and the sample injection amount of 150, 200, 250, and 300 mg. The results indicated that a slow flow rate produced good separation, but the chromatographic peak was extended and more time was required. When the mobile phase flow rate was as fast as 2.0 mL/min, compounds 3 and 4 could not be separated very well. After further optimization, a flow rate of 1.6 mL/min was found to be suitable. For another factor, if the injection amount was too small the effectiveness and efficiency of separation were reduced, but when the loading weight was greater than 300 mg, the solvent system equilibrium was disrupted and resulted in significant or even complete stationary phase loss following sample injection ("plug"). As a result, we selected 250 mg as the injection amount. Different ranges of temperature (20, 25, and 30°C) and rotary speed (750, 850, and 950 rpm) were also investigated, but the results indicated that they had only minor effects on the solvent system, so 25°C and 850 rpm were selected as the operating conditions. Under these optimal conditions, the retention of the stationary phase was 61%. Compounds 1 and 4 were identified on the basis of LC-MS, and 1 H NMR and 13 C NMR spectroscopic data [7, 17] as 2,3-di-Ocaffeoyltartaric acid (cichoric acid), and 2-O-caffeoyl-3-O-pcoumaroyltartaric acid, respectively. Compound 2 was reported by Cheminat [7] and Becker [18] , but insufficient spectral detail was presented to support the interpretation of its structure. In this present study, the structures of compounds 2, 3 and 5 were elucidated by means of detailed spectral data, including 2D-NMR.
Compound 2 was obtained as a light gray powder. The LC-MS (ESI, neg.) showed the [M-H]ion peak at m/z 487.0878, revealing its molecular formula as C 23 H 20 O 12 . In the 1 H NMR spectrum, signals at δ H 7.72 (1H, d, J=15.9 Hz), 6.48 (1H, d, J=15.9 Hz), 7.69 (1H, d, J=15.9 Hz), and 6.43 (1H, d, J=15.6 Hz) indicated the presence of two trans-ethylene groups conjugated with the aromatic ring. Two groups of typical ABX spin system signals for 1, 2, 4-trisubstituted aromatic ring protons were observed at δ H 7.16 (1H, s), 7.00 (1H, d, J=7.5 Hz), 6.83 (1H, d, J=8.1 Hz), 7.13 (1H, s), 7.02 (1H, d, J=7.6 Hz), and 6.83 (1H, d, J=8.1 Hz). The spectrum also showed a methoxyl signal at 3.93 (3H, s). In addition, the same information on the structure was obtained from the 13 C NMR spectrum.
In the HMBC spectrum, the methoxyl signal (δ H 3.93) showed a cross-peak with a quaternary carbon at δ C 151.73 (C-3''). This latter signal showed correlation with two proton signals at δ H 7.13 (H-2'') and 7.02 (H-5''); the carbon did not show correlation with the proton signal at δ H 7.00 (H-6''). The HMBC spectrum also showed correlations between 149.90 (C-4'') and the signals at δ H 7.13 (H-2''), 6.83 (H-5'') and 7.00 (H-6''). We concluded that in compound 2, the methoxyl is connected to C-3''and the structure must be 2-Ocaffeoyl-3-O-feruloyltartaric acid.
Compound 3 was obtained as a light gray powder. As with compound 2, the molecular formula was determined to be C 23 H 20 O 12 on the basis of the LC-MS (ESI, neg.) ion at m/z 487.0878 (calc. 487.0878 for C 23 H 19 O 12 ). Similarly, the 1 H NMR and 13 C NMR spectroscopic data showed that compounds 2 and 3 were isomers of each other.
Compared with compound 2, there are some significant differences in the HMBC spectrum of compound 3: The methoxyl signal (δ H 3.78) showed a cross-peak with a quaternary carbon at δ C 149.45 (C-4''). This quaternary carbon showed correlation with three proton signals at δ H 7.19 (H-2''), 6.83 (H-5'') and 7.00 (H-6''). The signal at δ C 147.13 (C-3'') showed cross-peaks with the signals at δ H 7.19 (H-2'') and 6.83 (H-5''). So, the methoxyl is connected to C-4'' and the structure of compound 3 must be 2-O-caffeoyl-3-Oisoferuloyltartaric acid, which has not been found previously in Echinacea.
Compound 5 was obtained as a light gray powder. The negative LC-MS (ESI, neg.) showed the [M-H]ion peak at m/z 501.1038, revealing its molecular formula as C 24 H 22 O 12 . In the 1 H NMR spectrum, signals at δ H 7.71 (1H, d, J=15.9 Hz) and 6.49 (1H, d, J=15.9 Hz) indicated the presence of a trans-ethylene group conjugated with the aromatic ring. One group of typical ABX spin system signals for 1, 2, 4-trisubstituted aromatic ring protons was observed at δ H 7.16 (1H, s), 7.13 (1H, d, J=10.2 Hz) and 7.00 (1H, d, J=8.1 Hz). The spectrum also showed a methoxyl signal at δ H 3.93 (3H, s), and an oxygenated methine proton signal at δ H 5.78 (1H, s). The 13 C NMR spectrum of 5 also showed signals ascribable to a trans-ethylene group at δ C 147.32 (C-7') and 115.64 (C-8'), as well as signals for a 1,2,4-trisubstituent aromatic ring at δ C 151.63 (C-4'), 148.03 (C-3'), 128.90 (C-1'), 123.03 (C-6'), 114.67 (C-2') and 112.45 (C-5'). In addition, the spectrum showed an acyl group at δ C 168.09 (C-9'), one carboxyl carbon at δC 170.57 (C-1), an oxygenated methine signal at δ C 73.24 (C-2), and one methoxyl carbon at δ C 55.84 (OCH 3 ). The molecular weight of 502, and 1 H-and 13 C NMR analysis, showed that the compound had a completely symmetrical structure, which we concluded to be either 2, 3-di-O-feruloyltartaric acid or 2, 3-di-O-isoferuloyltartaric acid.
In the HMBC spectrum, the methoxyl signal (δ H 3.93) showed a cross-peak with a quaternary carbon at δ C 151.63 (C-4'), which in Cinnamic acids from Echinacea Purpurea Natural Product Communications Vol. 7 (10) 2012 1355 turn showed correlation with three proton signals at δ H 7.16 (H-2'), 7.13 (H-5'), and 7.00 (H-6'). The HMBC spectrum also showed correlations between C-3' at 148.03 and the signals at δ H 7.16 (H-2') and 7.13 (H-5'); the carbon did not show correlation with the proton signal at δ H 7.00 (H-6'). The HMBC of compound 5 also showed an acyl group at δ C 168.09 (C-9'), and a carboxyl carbon at δ C 170.57 (C-1) which showed correlation with an oxygenated methine proton signal at δ H 5.78 (1H, s) . On the basis of these data, we concluded that in compound 5, the hydroxyl group at C-2 is esterified by isoferulic acid and the structure must be 2,3-di-Oisoferuloyltartaric acid, which is the first time it has been recorded in Echinacea.
Concluding remarks:
HSCCC was successfully used to separate and purify bioactive ingredients from E. purpurea. Five cinnamic acids, including two new compounds, were obtained with over 94% purity in a one-step separation procedure. This indicates that HSCCC is a powerful technique for isolating and purifying isomeric compounds from plants. These compounds can then be isolated on a large-scale basis and used for further bioactivity studies. 
Reagents and materials:
All solvents used for the crude sample preparation and HSCCC separation were of analytical grade (Tianjin Chemical Factory, Tianjin, China). The acetonitrile for HPLC was of chromatographic grade (Tedia Company, Inc., USA). Distilled water was used for HPLC. The polyamide resin used was 14-30 mesh, from the Sijiashenhua Company, China.
The roots of E. purpurea were purchased from the planting base of E. purpurea in the Liuyang Biological Medicine Industrial Park (Changsha, Hunan Province, China).
Preparation of crude sample:
Roots of E. purpurea were dried at 50°C and then pulverized with a disintegrator. About 200 g of powder was extracted 3 times by cold dipping in 4 L of 60% aqueous ethanol for 24 h. The extracts were combined and evaporated to 500 mL under vacuum at 55°C. The aqueous solution was adjusted to pH 3.0 with hydrochloric acid, and then the solution was poured into a glass column (3.0 × 60 cm) containing 300 g of polyamide resin. Water was initially used to elute the resin until the eluate was nearly colorless. Elution with 60% aqueous ethanol (1200 mL) followed. The eluate was concentrated under vacuum at 52°C and freeze-dried. The crude sample (2.8 g) obtained was stored in a refrigerator for subsequent HSCCC separation and purification processes.
HPLC analysis:
The crude sample and the HSCCC peak fractions were analyzed by HPLC-DAD with a WondasilTM C18 column at 35°C. An acetonitrile (B)-0.2% phosphoric acid-water (A) system was used as the mobile phase in the following gradient modes: 0-18 min (B: 16% → 25%), 18-28 min (B: 25% → 40%), and 28-40 min (B: 40% → 50%). The flow rate was 1.0 mL/min, and the effluent was monitored by DAD. The sample used for purity analysis was the HSCCC fractions after removal of the CCC solvent.
Preparation of the two-phase solvent systems and HSCCC sample solution:
The two-phase solvent system used was n-hexane-ethyl acetate-methanol-0.5% aqueous acetic acid (1:3:1:4, v/v). The solvent system was equilibrated in a separating funnel at room temperature, and the 2 phases were separated shortly before use and were degassed by ultrasonication. The upper organic phase was used as the stationary phase and the lower aqueous phase as the mobile phase. The sample solution for HSCCC was prepared by dissolving 250 mg of the crude sample in 20 mL of the lower phase.
HSCCC separation procedure: The multilayer coiled column was completely filled with the upper organic phase. The HSCCC apparatus was then run at 850 rpm, and the lower phase was pumped at a flow rate of 1.6 mL/min. After reaching hydrodynamic equilibrium, the sample solution was injected into the separation column through an injection loop. The separation temperature was controlled at 25°C. The effluent was monitored by the UV detector at 280 nm, and the chromatogram was recorded after sample injection. The different fractions were collected according to the chromatographic peaks, and the aqueous solutions of the CCC fractions were lyophilized in a lyophilizer once the organic solvents had been removed under vacuum at 50°C, and analyzed by HPLC-DAD.
Identification of HSCCC fractions:
LC-MS were obtained with the apparatus mentioned in Section 2.1. The apparatus was equipped with a negative electro spray ionization interface. Scanning was performed from m/z 50 to 1000 in full scan mode. The NMR spectra of the 5 compounds were obtained with the apparatus mentioned in Section 2.1. Tetramethylsilane was used as the internal reference. Compounds 1, 2, 4, and 5 were dissolved in CD 3 OD, and compound 3 in D 2 O. Chemical shifts are reported in ppm, and coupling constants (J) are in Hertz (Hz).
2-O-caffeoyl-3-O-feruloyltartaric acid (2)
A light gray powder. 1 
2-O-caffeoyl-3-O-isoferuloyltartaric acid (3)
